





I 1 ý 1 1 1ý
Assessing Escherichia coli Genomic DNA Integrity during Extraction Using 
Selected Protocols
Jasmine Eva Anak Ajan 
(52010)

















Laporan Projek 'Tahun Akhir (STF3015)
Fakulti Sains dan Teknologi Sumber 
Universiti MalaysiaSarawak
Saya Jasmine Eva Anak Ajan (nama) no. pelajar 
52010 mengaku telah membuat perubahan yang perlu* / tidak ada 
perubahan terhadap Laporan Projek Tahun Akhir yang bertajuk: 
"Assessing Escherichia coli Genomic DNA Integrity during Extraction Using Selected 
Protocols" 
Bersama ini saya kemukakan 3 salinan Laporan Projek Tahun Akhir dan 1 sauna 
`softcopy' Laporan berkenaan. 
Tandatangan Pelajar Tandatangan Penyelia 
14, /11ý 
JASMINE EVA -AN14K Miel'y Vincent 
( ), 52010 (Nama & Cop rasmi) Senior I, ec urct 
Faculty, of Resource Science and 
Technoloi') 
UNIVERSITI MALAYSIA SARAWAK 
9430(1 Kota Samarahan 
Pengesahan 
Tandatan an n elaras Program 
(Nama & Rasmi) 
1)r 'hung Hung 
Hui 




Assessing Escherichia coli Genomic DNA Integrity During Extraction Using Selected 
Protocols
Jasmine Eva Anak Ajan 
(52010)
A final report submitted in partial fulfilment of the 
Final Year Project 2 (STF 3015) course
Supervisor: Dr. Micky ak Vincent
Resource Biotechnology
Faculty of Resource Science and Technology 
Universiti Malaysia Sarawak 
2018
I declare this Project/Thesis is classified as (Please tick (J)):
Q CONFIDENTIAL (Contains confidential information under the Official Secret Act 1972)* 
QRESTRICTED (Contains restricted information as specified by the organisationwhere 
research was done)*
F7OPEN ACCESS
I declare this Project/Thesis is to be submitted to the Centre for Academic Information Services and 




I hereby duly affirmed with free consent and willingness declared that this said Project/Thesis shall 
be placed officially in the Centre for Academic Information Services with the abide interest and 
rights asfollows:
" This Project/Thesis is the sole legal property of Universiti Malaysia Sarawak(UNIMAS). 
" The Centre for Academic Information Services has the lawful right to make copies of the 
Project/Thesis for academic and research purposes only and not for otherpurposes. 
" The Centre for Academic Information Services has the lawful right to digitize the content 
to be uploaded into Local ContentDatabase. 
" The Centre for Academic Information Services has the lawful right to make copies of the 
Project/Thesis if required for use by other parties for academic purposes or by other 
Higher Learninglnstitutes. 
" No dispute or any claim shall arise from the student himself / herself neither a third 
party on this Project/Thesis once it becomes the sole property ofUNIMAS. 
" This Project/Thesis or any material, data and information related to it shall not be 
distributed, published or disclosed to any party by the student himself/herself without 
first obtaining approval fromUNIMAS.





Supervisor'ssiggnatur ýnio Lect chrxýký > Iaculty ofR'"ýT` 
F 




No. 18, Lorong 1, Jalan Pesiaran Pangeran Matusin, Tanjung Kidurong, 97000 Bintulu, Sarawak.
Notes: * If the Project/Thesis is CONFIDENTIAL or RESTRICTED, please attach together as 
annexure a letter from the organisation with the date of restriction indicated, and the reasons for the 
confidentiality and restriction.
Olt
[The instrument was prepared by The Centre for Academic Information Services]
ACKNOWLEDGEMENT
First of all, I am very thankful to God for His grace and blessings, allowing me to 
successfully complete this Final Year Project, entitle "Assessing Escherichia coli 
Genomic DNA Integrity during Extraction Using Selected Protocols". I would like to 
express my deepest gratitude and appreciation to my supportive supervisor, Dr. Micky ak. 
Vincent for all his contributions, continuous supports and time throughout this project.
I also would like to give my sincere thanks and appreciation to laboratory assistant, Mrs. 
Sheela ak. Ungau for her continuous assistance and encouragements. Special thanks to 
postgraduate students from Microbiology Laboratory 2 especially Mr. Wong Soon Heow, 
Ms. Queentety ak. Johnny, and Ms. Nurliyana binti Mohd Shuhairi for sharing ideas, 
knowledges and assistances during completing this project.
I also would like to express my sincere thanks to my parents, Mr. Ajan ak. Rimau and Mrs. 
Nora Sangan ak. Bugat, my family, all of my friends, for their endless supports and 
encouragements from the beginning till the end. Last but not least, thank you to the Faculty 
of Resource Science and Technology for giving this opportunity to conduct this project.
I
DECLARATION
I hereby declare that this Final Year Project Report 2018 entitled "Assessing Escherichia 
coli Genomic DNA Integrity during Extraction Using Selected Protocols" is based on 
my original work under the guidance and supervision of Dr. Micky ak. Vincent, Faculty of 
Resource Science and Technology, Universiti Malaysia Sarawak (UNIMAS), Malaysia. 
Information derived from the published or unpublished work of others has been 
acknowledged in the text and a list of references given. I also declare that it has not been or 




Jasmine Eva Anak Ajan 
Resource Biotechnology 
Faculty of Resource Science and Technology 





TABLE OF CONTENTS 
LIST OF ABBREVIATIONS 
LIST OF TABLES 
LIST OF FIGURES 
LIST OF APPENDIXES 
ABSTRACTS 





2.1 Escherichia coli 















2.3.1 Boil Cell DNA Extraction Method 6 
2.3.2 Phenol-chloroform Isoamyl Alcohol (PCI) 7 
DNA Extraction Method 
2.3.3 Commercial DNA Extraction Kit with Bead- 8 
Beating 
2.3.4 Commercial DNA Extraction Kit without 8 
Bead-Beating
2.4 Polymerase Chain Reaction (PCR) Fingerprinting 9
2.4.1 M13 PCR Fingerprinting 10
III
2.4.2 Random Amplified Polymorphic DNA 
(RAPD)
11
2.5 Agarose Gel Electrophoresis (AGE) 11
CHAPTER 3 MATERIALS AND METHODS
3.1 Material 
3.1.1 Preparation of Escherichia coli culture 13 
3.1.2 DNA Extraction using Boil Cell Method 13 
3.1.3 DNA Extraction using Phenol-chloroform 14 
Isoamyl Alcohol (PCI) Method 
3.1.4 DNA Extraction using Commercial DNA 14 
Extraction Kit with Bead-Beating 
3.1.5 DNA Extraction using Commercial DNA 15 
Extraction Kit without Bead-Beating 
3.1.6 Polymerase Chain Reaction (PCR) 16 
3.1.7 Agarose Gel Electrophoresis (AGE) 17
3.2 Methods 
3.2.1 Preparation of Escherichia coli Cultures 18 
3.2.2 DNA Extraction using Boil Cell Method 18 
3.2.3 DNA Extraction using Phenol-chloroform 19 
Isoamyl Alcohol (PCI) Method 
3.2.4 DNA Extraction using Commercial DNA 20 
Extraction Kit with Bead-Beating (PowerSoil 
DNA Isolation Kit, Mo-Bio Laboratories Inc., 
USA) 
3.2.5 DNA Extraction using Commercial DNA 22 
Extraction Kit without Bead-Beating (DNeasy 
Blood & Tissue Kit, Qiagen, Germany) 
3.2.6 DNA Quantification and Purity Determination 23 
by using SynergyTM H 1 
3.2.7 Polymerase Chain Reaction (PCR) 24 
IV
3.2.8 Agarose Gel Electrophoresis (AGE) 
CHAPTER 4 RESULTS 
4.1 Identification of Escherichia coli (E. coli) Cultures
25
26
4.1.1 Isolation of E. coli Colonies on Eosin Methylene 26 
Blue (EMB) Agar
4.1.2 Identification of E. coli colonies By Gram 27 
Staining
4.2 Quantification of DNA by SynergyTM HI 28
4.3 Visualizing Extracted DNA by Agarose Gel 30 
Electrophoresis
CHAPTER 5 DISCUSSIONS
5.1 Isolation of Escherichia coli Culture Cells on Eosin 34
Methylene Blue (EMB) Agar 
5.2 Identification of E. coli colonies by Gram Staining 35 
5.3 Genomic DNA Extraction of E. coli by using Several 36
DNA Extraction Methods
5.4 Quantification of DNA and Purity Determination by 39 
SynergyTM H I
5.5 Polymerase Chain Reaction (PCR)
5.6 Visualization of Extracted DNA by Agarose Gel 
Electrophoresis















































Polymerase Chain Reaction 
Rotation per minute 
Times gravity 
Phenol-chloroform Isoamyl alcohol 
Sodium Dodecyl Sulfate 
Ribonucleic acid 
Deoxyribonucleoside triphosphate 
Random Amplified Polymorphic DNA 














Table 1 Quantification and quality of genomic DNA of E. coli after DNA 29 
extraction using boil cell DNA method, phenol-chloroform isoamyl 
alcohol (PCI) DNA extraction method, commercial DNA extraction 




Figure 1 Scanning electron micrographs showing the surface morphology of E. 4 
coli cells (Sondi & Salopek-Sondi, 2004).
Figure 2 A schematic illustration of the DNA double helix structure (Klug, 5 
2004).
Figure 3 AGE system (Cleaver Scientific Ltd., UK) is used to separate DNA 12 
fragments of varying sizes.
Figure 4 The materials in PowerSoilx DNA Isolation Kit (Mo-Bio Laboratories 15 
Inc., USA) that were used to extract E. coli DNAs.
Figure 5 The materials in DNeasy® Blood & Tissue Kit (Qiagen, Germany) that 16 
were used to extract DNAs of E. coli cells.
Figure 6 SynergyTM HI system (Biotek Instruments Inc., USA) was used to 23 
assess the purity and concentration of the E. coli DNA samples.
Figure 7 PCR reaction using 96-well Thermal Cycler (Kyratec, Australia). 24 
Figure 8 Safer ImagerTM 2.0 Blue-Light Transilluminator (Invitrogen, USA) is 25 
used to visualize the amplicons after electrophoresis process.
Figure 9 Isolation of E. coli colonies on EMB agar. 26 
Figure 10 Morphology of the E. coli colonies observed under compound 27 
microscope with I000X magnification. 
Figure 11 Agarose gel electrophoresis showing the M13-PCR fingerprinting 31 
profiles obtained with M13 primer and purified template DNA of E. 
coli from using the four DNA extraction methods. Lane 1 and 15 
shows the 1 kb and 100 bp DNA ladder respectively, while lane 2 is 
negative control. Lanes 3, 4 and 5 are amplification products from boil 
cell DNA extraction method. Lanes 6, 7 and 8 are amplification 
products from PCI DNA extraction method. Lanes 9, 10 and 11 are 
amplification products from commercial DNA extraction kit with 
bead-beating. Lanes 12, 13 and 14 shows the amplification products 
from commercial DNA extraction kit without bead-beating.
Figure 12 Agarose gel electrophoresis showing the RAPD-PCR fingerprinting 32 
patterns obtained with OPA-05 primer and purified template DNA of 
E. coli from using the four DNA extraction methods. Lane I and 15 
shows the I kb and 100 bp DNA ladder respectively, while lane 2 is 
negative control. Lanes 3, 4 and 5 are PCR amplicons from using boil 
cell DNA extraction method. Lanes 6, 7 and 8 are PCR amplicons from 
using PCI DNA extraction method. Lanes 9, 10 and 11 are PCR
IX
amplicons from using commercial DNA extraction kit with bead- 
beating. Lanes 12, 13 and 14 shows the PCR amplicons from using 
commercial DNA extraction kit without bead-beating.
Figure 13 Agarose gel electrophoresis showing RAPD-PCR fingerprinting 33 
profiles obtained with OPA-06 primer and purified template DNA 
from using the four DNA extraction methods. Lane I and 15 shows the 
1 kb and 100 bp DNA ladder respectively, while lane 2 is negative 
control. Lanes 3, 4 and 5 are amplification products from using boil 
cell DNA extraction method. Lanes 6, 7 and 8 are amplification 
products from using PCI DNA extraction method. Lanes 9, 10 and 11 
are amplification products from using commercial DNA extraction kit 
with bead-beating. Lanes 12, 13 and 14 shows the amplification 




Appendix A Quantification and quality of genomic DNA from E. coli strains 49 
after DNA extraction using boil cell method.
Appendix B Quantification and quality of genomic DNA from E. coli strains 49 
after DNA extraction using PCI method.
Appendix C Quantification and quality of genomic DNA from E. coli strains 49 
after DNA extraction using commercial DNA extraction kit 
with bead-beating.
Appendix D Quantification and quality of genomic DNA from E. coli strains 50 
after DNA extraction using commercial DNA extraction kit 
without bead-beating.
XI
Assessing Escherichia coli Genomic DNA Integrity during Extraction Using Selected 
Protocols
Jasmine Eva Anak Ajan
Resource Biotechnology Programme 
Faculty of Resource Science and Technology 
University Malaysia Sarawak
ABSTRACT
Escherichia coli (E. coli) is a common inhabitant of the gastrointestinal tracts of humans and warm-blooded 
animals. E. coli is frequently used as a model organism in molecular biology and microbiology studies due to 
its peculiar characteristics. Thus, its genomic deoxyribonucleic acid (DNA) is frequently extracted by using 
different types of DNA extraction protocols in order to study its genomic sequence. Thus, a rapid and cost- 
efficient genomic DNA extraction protocol is essential for the purpose of molecular biology studies, and 
extraction of high quality and quantity genomic DNA. In this study, four common DNA extraction methods 
were used for E. coli DNA extraction, namely, boil cell method, phenol-chloroform isoamyl alcohol (PCI) 
method, and commercial DNA extraction kit with and without bead beatings methods. The DNA extracted 
from each protocol was analysed by using a SynergyTM HI system and M13-Polymerase Chain Reaction 
(PCR) and Random Amplified Polymorphic DNA (RAPD)-PCR fingerprinting. DNA yield and purity were 
quantified using SynergyTM HI system absorbance ratios. The extracted DNA was also analyzed using 
agarose gel electrophoresis. Results show differences in DNA yield, purity and PCR success between 
extraction methods. All four methods tested provided appropriate DNA for PCR amplification, but with 
different yields. In this study, the commercial DNA extraction kit without bead-beating method was found to 
be the most efficient DNA extraction method, capable to provide high DNA yields with better quality, 
affordable cost and less time.
Keywords: Escherichia coli, genomic DNA, DNA extraction method, M13-PCR, RAPD-PCR, DNA yield, 
DNA purity
ABSTRAK
Escherichia coli (E. coli adalah penghuni biasa dari saluran gastrousus manusia dan haiwan herdarah 
panas. E. coli sering digunakan sebagai organisma model dalam kajian molekul biologi dan mikrobiologi 
kerana ciri-cirinya yang unik. Oleh itu, "deoxyribonucleic acid " (DNA) atau asid deoksiribonukleik genomik 
sering diekstrak dengan menggunakan pelbagai jenis protokol pengekstrakan DNA untuk mengkaji urutan 
genomnya. O/eh itu, protokol pengekstrakan DNA genomik yang cepat dan cekap adalah penting untuk 
tujuan kajian biologi molekul, dan pengekstrakan DNA genomik yang berkualiti dun herkuantiti tinggi. 
Dalam kajian ini, empat kaedah pengekstrakan DNA yang biasa digunakan untuk pengekstrakan DNA E. 
colt adalah kaedah "boil cell", kaedah "phenol-chloroform isoamyl alcohol" (PCI), dan kaedah 
"commercial DNA extraction kit with and without bead-beating ". DNA yang diekstrak dari setiap protokol 
diana/isis menggunakan sistem SynergyTM HI dan M13- "Polymerase Chain Reaction " (PCR) dan "Random 
Amplified Polymorphic DNA " (RAPD)-PCR. Hasil DNA dan ketulenan dikuantifikasi menggunakan nisbah 
penyerapan sistem SynergyTM HI. DNA yang diekstrak juga dianalisa menggunakan elektroforesis gel 
agarosa. Keputusan menunjukkan perbezaan hasil DNA, ketulenan dan kejayaan PCR antara kaedah 
pengekstrakan. Semua empat kaedah yang diuji menyediakan DNA yang sesuai untuk ampliftkasi PCR, tetapi 
dengan hasil yang berbeza. Dalam kajian ini, kaedah "commercial DNA extraction kit without bead- 
beating" telah didapati sebagai kaedah pengekstrakan DNA yang paling cekap, mampu menghasilkan DNA 
yang berkualiti tinggi, kos yang berpatutan dan masa yang kurang.






Escherichia coli (E. coli), or originally known as "Bacterium coli commune" is a member 
of the Enterobacteriaceae bacterial family. It was first isolated from the faeces of a child in 
1885 by Australian paediatrician Theodor Escherich (Welch, 2006). E. coli is a common 
inhabitant of the gastrointestinal tracts of humans and warm-blooded animals, and, can also 
be found secondarily in soil and water as the result of faecal contamination (Bozaslan et 
al., 2016). As a commensal inhabitant, E. coli lives in a mutual beneficial association with 
the hosts, and thus rarely causes diseases to its hosts. E. coli is a part of a normal gut 
microflora in humans and warm-blooded animals. Thus, E. coli plays an important role in 
the synthesis of essential nutrients from food, such as Vitamin K which necessary for 
blood clotting, metabolism of bile acids and other sterols (Ministry for Primary Industries, 
2015).
E. coli is commonly used as a model organism in molecular biology and 
microbiology studies. The peculiar characteristics of the E. coli which include ease of 
handling, consist completed genome sequence, and its ability to grow under both aerobic 
and anaerobic condition makes it as an important organism in biotechnology studies 
(Allocati et al., 2013). In addition, E. coli is one of the most understood and characterized 
living organisms, with the laboratory studies on model strains such as E. coli K-12 from its 
biochemical, physiological and genetic perspectives (Welch, 2006).
A rapid and cost-efficient genomic DNA extraction protocol for E. coli is highly 
critical in molecular biology studies to ensure the quality and quantity of the template 
I
DNA upon extraction. An efficient DNA extract protocol can influence the success of
subsequent experiments, for example Polymerase Chain Reaction (PCR), enzyme 
digestion, and recombinant selection (Wang et al., 2011). Some DNA extraction protocols 
such as conventional DNA extraction protocols can be expensive and not readily available 
in some under-developed countries (Wang et al., 2011). Thus, it is important to employ a 
simple, cost-efficient and effective protocol for the extraction of DNA from E. coli, 
especially when a large number of samples are to be processed.
In this study, four DNA extraction protocols were carried out, namely, boil cell DNA 
extraction method, phenol-chloroform isoamyl alcohol (PCI) DNA extraction method, 
commercial DNA extraction kit with bead-beating and commercial DNA extraction kit 
without bead-beating on E. coli. The E. coli genomic DNA integrity was assessed after 
each extraction, which included DNA concentration, DNA purity and repeatability of PCR 
using several generic primers which are M 13 primer and Random Amplified Polymorphic 
DNA (RAPD) primers. The similarities of DNA profile of the E. coli were determined.
1.2 Objectives
The objectives of this study are:
i. To assess purity and concentration of E. coli DNA by using different DNA extraction 
protocols. 
ii. To study the PCR repeatability of E. coli genomic DNA. 






Escherichia coli (E. coli) is a Gram-negative, non-spore forming and rod-shaped bacteria. 
Its size is approximately 0.5 µm in diameter and 1.0 pm to 3.0 µm in length and consists of 
a periplasm space that contains a single layer of peptidoglycan (Welch, 2006). E. coli has 
peritrichous flagella that allow it to move freely in liquid environments. E. coli cells are 
also commonly fimbriated. According to Welch (2006), E. coli produces acid and gas 
when grown fermentatively on glucose or other carbohydrates and has the ability to 
ferment lactose unlike Salmonella and Shigella. Most E. coli strains are able to grow in 
temperature between 15 to 48 °C, and in pH within the range 5.5 to 8.0.
E. coli is a predominant species among the facultative anaerobic bacteria of the 
gastrointestinal tract and living in symbiosis which is commensalism with its host. 
According to Kaper et al. (2004), E. coli usually colonizes the gastrointestinal tract of 
human infants within the period of a few hours after birth. E. coli and its human host 
coexist in good health and bring mutual benefit to each other for many years. E. coli 
stimulate secretion of mucins to produce protective barrier that maintain the health of 
intestinal cells which allow maximal absorption of nutrients and play important role in 
human immune system (Ministry for Primary Industries, 2015).
E. coli is frequently used as an indicator of faecal pollution in water because it is 
transmitted in water and sediment (Tenaillon et al., 2010). E. coli is an ideal model 
organism used by many researchers. Tenaillon et al. (2010) stated that E. coli are one of 
the best characterized model organisms due to the reference strain E. coli K-12 and its
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derivatives had contributed to the advancement of genetics, molecular biology, physiology, 
and biochemistry. According to Kaper et al. (2004), E. coli is an ideal organism to test for 
new analytical technologies because of the extensive knowledge base available about E. 
coli. The morphology of E. coli cells have been observed under scanning electron 
microscope is shown in the Figure 1.
Figure 1: Scanning electron micrographs showing the surface morphology of E. coli cells 
(Sondi & Salopek-Sondi, 2004).
2.2 Deoxyribonucleic Acid (DNA)
Deoxyribonucleic acid (DNA) is defined as the raw materials of inheritance and primarily 
influences all aspects of the structure and functioning of the human body (Gersen & 
Keagle, 2013). According to Campbell et al. (2015), every living cell contains structures 
called chromosomes that contain the genetic material in the form of DNA. Each 
chromosome contains a DNA molecule with hundreds or even thousands of genes. A DNA 
molecule is made up of two long chains that called as strands and arranged in a double 
helix form.
4
The basic building block of DNA molecule is nucleotide (Alberts et al., 2002). Each 
nucleotide contains a deoxyribose sugar, a phosphate group and one of the nitrogenous 
bases, which are adenine (A), thymine (T), cytosine (C) and guanine (G). Hydrogen bonds 
bind together the nitrogenous bases of the two separate polynucleotides strands according 
to base pairing rules where A bind with T and C bind with G in order to make a double- 
stranded DNA (Lodish et al., 2000). A and G are purines molecules with the structure of a 
double-ring, while C and T are pyrimidines molecules with the structure of a single-ring 
structure. The structure of DNA double helix is shown in the Figure 2.
The molecular structure of DNA is made specifically for its ability to store 
information. Genes are the units of inheritance where they are transmitted from the parents 
to offspring (Alberts et al., 2002). They encode the essential information to build all of the 
molecules synthesized within a cell, and thus establish that particular cell's identity and 
function (Campbell et al., 2015).
Figure 2: A schematic illustration of the DNA double helix structure (Klug, 2004).
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2.3 DNA Extraction
DNA extraction is a procedure used to isolate DNA from the nucleus of a cell. According 
to Dahm (2005), the very first DNA isolation was done by a Swiss physician, Friedrich 
Miescher in 1869. DNA extraction is one of the most crucial steps in molecular biology 
when subsequent analyse depend on DNA quality and quantity (Pereira et al., 2011). DNA 
extraction methods should ideally be efficient, rapid, straightforward, cost-efficient, 
generate minimal potential for cross-contamination and able to extract large number of 
samples. According to Pereira et al. (2011), DNA quality is one of the critical factors for 
most amplification-based analysis because DNA amplification can be influenced by the 
presence of co-purifying inhibitors from matrix or even from extraction reagents which can 
cause the decreasing of subsequent polymerase chain reaction (PCR) efficiency.
Successful DNA purification requires these four important steps, which are effective 
disruption of cells or tissues, denaturation of nucleoprotein complexes, inactivation of 
nucleases, and minimal risk of contamination (Tan & Yiap, 2009). Recently, commercial 
DNA extraction kits are available which employing a variety of solvents or specialized 
columns consisting DNA-binding substances and the protocols are shorter, easy to handle, 
and does not compulsory to use toxic products.
2.3.1 Boil Cell DNA Extraction Method
Boiling cell DNA extraction method is one of the protocols for bacterial DNA extraction 
that extract bacterial DNA by only using heat in a very simple manner. The involvement of 
thermal lysis in boiling method is rapid, simple and effective than the standard methods for 
isolation of bacterial DNA (Ahmed & Dablool, 2017). When the bacterial cell is exposed
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to high temperature, heat causes damage to the cell membranes and cell walls releasing the 
DNA molecule from the cells. Boiling in water or on hot blocks or even using microwave 
ovens are the methods used to heat the bacterial material for DNA extraction purposes 
(Dashti et al., 2009). In the boiling process, the samples are centrifuged, followed by re- 
suspension in sterile distilled water, heated to 95 °C for 10 minutes, cooled on ice and 
centrifuged at 13, 000 x g for 3 minutes (Freschi et al., 2005). The supernatant collected is 
then used for PCR analysis.
2.3.2 Phenol-chloroform Isoamyl Alcohol (PCI) DNA Extraction Method
The phenol-chloroform isoamyl alcohol (PCI) DNA extraction method is a liquid-liquid 
extraction procedure. According to Stenesh (1989), PCI method is a method that is able to 
separate mixtures of molecules based on their differential solubilities of individual 
molecules in two different immiscible liquids. PCI method is one the traditional and oldest 
DNA extraction method. Even though PCI method can be time-consuming, it is effective 
in obtaining pure genomic DNA. Furthermore, it is an inexpensive method. Thus, PCI 
extraction method is frequently used to purify DNA and produce high yield of good- 
quality DNA from samples of various origins (Greco et a!., 2014). During PCI DNA 
extraction, sodium dodecyl sulfate (SDS) is used for lysing of cell wall, while RNase and 
proteinase K are used for the digestion of ribonucleic acid (RNA) and protein respectively 
(Javadi et al., 2014). According to Fredricks & Reiman (1998), genomic DNA is 
frequently extracted with a special extraction buffer and then purified by phenol- 
chloroform extraction to denature the proteins followed by isopropanol or ethanol 
precipitation.
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2.3.3 Commercial DNA Extraction Kit with Bead-Beating
Commercial DNA extraction kit with bead-beating is a type of mechanical disruption 
method where beads such as silica beads are added into a tube containing samples followed 
by vigorous shaking to cause collisions between the beads and samples (Fujimoto et al., 
2004). The primary function of beating method is to lyse the bacterial cells. In recent years, 
the application of bead-beating has become one of the common methods used for 
extraction of proteins from plant tissues or for extraction of pathogenic nucleic acids from 
yeasts and organs (Fujimoto et al., 2004). Bead-beating technique is used to improve the 
extraction efficiency of genomic DNA from bacteria and acts as the preparatory step to 
physically disrupt the cell walls of bacteria especially Gram-positive bacteria that have 
thick cell wall consists of many layers of peptidoglycan layers, which is not easily 
destroyed. Therefore, bead-beating method is an efficient DNA extraction method used to 
lyse bacterial cell walls because it is effectively break very resistant bacterial cell walls 
without being too harsh for the DNA to be released from cells during extraction process 
(Rantakokko-Jalava & Jalava, 2002).
2.3.4 Commercial DNA Extraction Kit without Bead-Beating
Commercial DNA extraction kit without bead-beating is another type of commercially 
available kit used by researchers in order to obtain high quality of genomic DNA from 
samples. One commonly used commercial DNA extraction kit without bead-beating is 
QIAmp DNA mini kit (Qiagen, Valencia, CA) that lyres the cells to obtain pure genomic 
DNA (Yuan et al., 2012). Tissues or cells will be lysed enzymatically thus mechanical 
homogenization is unnecessary. This kit provides silica-membrane-based nucleic acid 
purification.
8
